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ABSTRACT

ser ies  o f  1 5  s ta t ions  in  the  nor theast  Gu l f  o f  Mex ico  were  occup ied

summer ,  fa l l  and w in ter  1975-76.  S a m p l e s

chromatography for  d isso lved hydrocarbons

were co l lec ted and ana lyzed

and those assoc ia ted w i th

s u s p e n d e d  p a r t i c u l a t e  m a t e r i a l . A v e r a g e  c o n c e n t r a t i o n  of  to ta l  reso lved

h y d r o c a r b o n s  w a s  0.!  pg/2  d isso lved and 0 .3  pg/R  p a r t i c u l a t e . C o n c e n t r a -

t ions  were h igher  near  shore . Unresolved components were present in both

d i s s o l v e d  a n d  p a r t i c u l a t e  phase”s ,  e s p e c i a l l y  n e a r  t h e  M i s s i s s i p p i  R i v e r  a n d

Sound which  may be the  source o f  th is  mater ia l .  B iogen ic  hydrocarbons,

“15 ‘ “17’ pristane  and squalene  i n  t h e  p a r t i c u l a t e  p h a s e  m a y  b e  r e f l e c t i v e

o f  i n  s i t u  b i o m a s s .  A.—

a n d  p a r t i c u l a t e  p h a s e s

s e r i e s  o f  n-alkanes  (nC21  to nC32)  i n  b o t h  d i s s o l v e d

p e r s i s t e d  d u r i n g  a l l  s e a s o n s .  Squalene  w a s  t h e  d o m i -

n a n t  m o l e c u l e  i n  t h e  d i s s o l v e d  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n  a t  m o s t  s t a t i o n s ,

b u t  w a s  v e r y  l o w  i n  c o n c e n t r a t i o n  a t  t h e  o f f s h o r e  s t a t i o n s  i n  t h e  f a l l .
s

T o t a l  d i s s o l v e d  h y d r o c a r b o n s  c o r r e l a t e s  w i t h  d i s s o l v e d  o r g a n i c  c a r b o n . T o t a l

p a r t i c u l a t e  h y d r o c a r b o n s  d i d  n o t  c o r r e l a t e  w i t h  p a r t i c u l a t e  o r g a n i c  c a r b o n

@
o r  C h l o r o p h y l l  a .—

t+

INTRODUCTION

T h e  s a l e  o f  o i l  a n d  g a s  l e a s e s  a l o n g  t h e  e n t i r e  U .  S .  o u t e r - c o n t i n e n t a l

she l f  (OCS) a n d  h e i g h t e n e d  p u b l i c  a w a r e n e s s  o f  t h e  p o t e n t i a l  h a r m f u l  i m p a c t

o f  p e t r o l e u m - r e l a t e d  a c t i v i t i e s , r e s u l t e d  i n  t h e  i n i t i a t i o n  o f  e n v i r o n m e n t a l

base l ine  and moni tor ing  s tud ies  in  the  lease areas,  under  the  sponsorsh ip

o f  t h e  U .  S .  D e p a r t m e n t  o f  I n t e r i o r , Bureau of Land Management. T h e  f i r s t
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o f  these s tud ies  was the  MAFIA (~ississippi-~labma-qlorid~)  p r o g r a m  i n  t h e

n o r t h e a s t  G u l f

f rom the water

o f  Mex ico . D u r i n g  1975-76, th ree se ts  o f  samples  were  co l lec ted

column in June-July 1975,  September  1975 and January-February

1976. Disso lved hydrocarbons and  those

mat ter  were  ana lyzed by  my labora tory .

e v a l u a t i o n  o f  t h e  t h r e e  d a t a  s e t s .

METHODS

F i f t e e n  s t a t i o n s  ( F i g u r e  1 )  i n  t h e

a s s o c i a t e d  w i t h  s u s p e n d e d  p a r t i c u l a t e  ~

T h i s  r e p o r t  r e p r e s e n t s  o u r  i n i t i a l

nor theast  Gu l f  o f  Mex ico  were  occup ied

d u r i n g  s u m m e r  1975,  fall 1 9 7 5  ad %Tinter  1976. At

water was col lected from a depth of 10 m with 30  I

Nisk in  bot t les  had been r insed wi th  methano l  p r io r

w i t h  T e f l o n  c o a t e d  s p r i n g  c l o s u r e s . The water was

e a c h  s t a t i o n ,  8 0  i o f

N i s k i n  b o t t l e s .  T h e

to use and were equipped

dra ined f rom the Niskin

b o t t l e s  t h r o u g h  T e f l o n  t u b i n g  i n t o  a  p r e c l e a n e d  s t a i n l e s s  s t e e l  c’an o f  the  type

u s e d  t o  c o n t a i n  s o f t  d r i n k s  a t  s o d a  f o u n t a i n s . The o- r ing  gasket  on each

can was wrapped with Teflon film. The water was immediately poisoned with

HgC12and  t h e n  f i l t e r e d  a s  s o o n  a s  p o s s i b l e  o n  b o a r d  s h i p .  F i l t r a t i o n  w a s

accompl ished by  pressur iz ing  the  s torage can wi th  prepur i f ied  n i t rogen and

f o r c i n g  t h e  w a t e r  v i a  T e f l o n  t u b i n g  t h r o u g h  a  p r e c o m b u s t e d  Whatman GF/F  f i l te r

i n  a  s t a i n l e s s  s t e e l  Millipore  f i l t e r  h o l d e r  a n d  i n t o  a  s e c o n d  s t a i n l e s s

s t e e l  c a n . T h e  f i l t r a t e  w a s

t h e  l a b o r a t o r y .  T h e  f i l t e r s

fro zen.

s t o r e d  a t  a m b i e n t  t e m p e r a t u r e  u n t i l  r e t u r n e d  to

were wrapped in  precombusted alumimun  foil and

I n  t h e  l a b o r a t o r y ,  t h e  w a t e r  w a s  a c i d i f i e d  t o  pH 2  w i t h  c o n c e n t r a t e d

HC1 a n d  t h e n  e x t r a c t e d  w i t h  d o u b l y  d i s t i l l e d  c h l o r o f o r m  o r  methylene  c h l o r i d e

i n  t w o  l i t e r  sepsratory  f u n n e l s . E a c h  e x t r a c t i o n  c o n s i s t s  o f  1500  ml  of.water  a n d
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3 x 50 m l  o f  s o l v e n t . T h e  t o t a l  CHC13 (or CH2C12) e x t r a c t  w a s  r e d u c e d  t o

s m a l l  v o l u m e  i n  a  r o t a r y  e v a p o r a t o r  a n d  t h e n  t r a n s f e r r e d  q u a n t i t a t i v e l y  t o

a 25 ml round bottom f lask. The remaining solvent was removed under a

s t ream of  prepurified  n i t r o g e n . Af te r  add i t ion  o f  10  ml  o f  0 .5  N K O H  i n

m e t h a n o l ,  t h e  e x t r a c t  w a s  s a p o n i f i e d  u n d e r  reflux  fo r  a t  leas t  four  hours .

Fo l lowing add i t ion  o f  an  equa l  vo lume o f  water , t h e  n o n - s a p o n i f i a b l e  m a t e r i a l

was extracted into benzene (3 x 10 ml).  The benzene was removed under

n i t rogen and the

chromatography.

F i l t e r  p a d s

r e s i d u e  t a k e n  up in a small  volume of hexane for column

w e r e  p l a c e d  i n t a c t  i n t o  a n  a p p r o p r i a t e l y  s i z e d  r o u n d  b o t t o m

flask and covered with a 1:1  mixture of benzene and 0.5 N KOH in MeOH. After

a  four  hour  reflux  t h e  m i x t u r e  w a s  f i l t e r e d  t h r o u g h  a  p r e c l e a n e d  g l a s s  f i b e r

f i l t e r . F o l l o w i n g  a d d i t i o n  o f  2 5  m l  o f  s a l i n e  s o l u t i o n ,  t h e  b e n z e n e  l a y e r

was removed and the aqueous layer re-extracted  with 3 x 25 ml of benzene.

The benzene extracts were combined, reduced to dryness and taken up in

hexane for column chromatography.

The non-sapon i f iab le  ex t rac ts  in  a  smal l  vo lume o f  hexane,  were

to  a  prewashed a lumina over lay ing  s i l i ca  ge l  co lumn (1:3  v /v  a lumina

a p p l i e d

t o

s i l i c a  g e l  r a t i o ,  a c t i v i t y  o n e )

hexane (aliphatic  hydrocarbons)

a r o m a t i c  f r a c t i o n ) . The hexane

and eluted  with two column volumes of

and two column volumes of benzene (unsaturated,

f rac t ion  was reduced to  smal l  vo lume and

the benzene f rac t ion  dr ied  and taken up in  a  smal l  vo lume o f  hexane for  gas

chromatography ana lys is .

Pr imary  gas  chromatographic  analysis was done with 2.2 mm I.D. x 2 m
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s ta in less  s tee l  co lumns packed

Retent ion  t imes were  conver ted

o f  n - a l k a n e s . Peak areas were

weight  by  app ly ing  GC r e s p o n s e

with 4% FFAP on Gas Chrom Z, 80/100 mesh.

t o  r e t e n t i o n  i n d i c e s  u t i l i z i n g  k n o w n  s t a n d a r d s

a u t o m a t i c a l l y  i n t e g r a t e d  a n d  c o n v e r t e d  t o

f a c t o r s  c a l c u l a t e d  f r o m  q u a n t i t a t i v e  n o r m a l

and  isoprenoid  alkanes  and aromat ics .

c a l c u l a t i o n s  o f  p e a k  r a t i o s ,

concent ra t ion  were done by  a

and magnet ic  tape output  fo r

Glassware was washed in

t i l l e d  w a t e r  a n d  o v e n  d r i e d .

b lanks were run and re jec ted

1200 was present.

odd-even

computer

These ca lcu la t ions  as  we l l  as

p r e f e r e n c e ,  wt. % compos i t ion  and

program which produced both paper

submiss ion  to  a  cent ra l  da ta  bank.

d e t e r g e n t ,  s o a k e d  i n  a c i d ,  r i n s e d  w i t h  dis-

s o l v e n t  w e r e  d o u b l y  d i s t i l l e d .  P e r i o d i c

i f  m a t e r i a l  w i t h  r e t e n t i o n  i n d e x  g r e a t e r  t h a n

@
RESULTS - WATER

T h e  g a s  chromatographically  der ived concent ra t ions  o f  the  aliphatic

a n d  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n s  a r e  l i s t e d  i n  T a b l e  1  f o r  all  t h r e e

b seasons. I n  summer a n d  f a l l  t h e

f r a c t i o n  g e n e r a l l y  e x c e e d e d  t h a t

was reversed in  the  w in ter . The

c o n c e n t r a t i o n s  o f  t h e  u n s a t u r a t e d / a r o m a t i c

o f  t h e  aliphatic  f r a c t i o n ;  t h i s  s i t u a t i o n

fa l l  season had the lowest  average hydro-

carbon concent ra t ions  and the win ter  the  h ighest .

Q u a l i t a t i v e l y ,  t h e  d i s s o l v e d  h y d r o c a r b o n s  d i s p l a y e d  r e g i o n a l  d i f f e r e n c e s

during each sampling season. In  the  summer ,  two d is t inc t  reg ions  were

a p p a r e n t  ( F i g u r e  2 a ) . Sta t ions  1-7  d isp layed a  un ique bimodal  e n v e l o p e  o f

u n r e s o l v e d  c o m p o n e n t s  i n  t h e  aliphatic  f rac t ion ,  w i th  the  max ima centered

a t  C17 and C27 ( F i g u r e  2 b ) . S t a t i o n s  8 - 1 5  had a broad  enve lope wi th  no
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T a b l e  1 : C o n c e n t r a t i o n  o f  ali~hatic  (5), unsatur’atedlaror?zt:c  (B)  a n d
t o t a l  ( T )  d i s s o l v e d  hydrocarLsns.

,

Stat ion

2
3

4
5
6
7

8
9

10
11

12
13
14
15

Avg

I

Summer Fall
H B T H B T

.11

.14

.13

.39

.14

.08

.25

.05

.17

.25

.10

.17

.Og

.13

.06

.15
?.09

1 . 0 1
.22
.19

.30

.32

.23

.22

.06

.09

.38

.30

.36

.43

.23

.22

.30
?.22

1 . 1 2
0 . 3 6
0.32

0 . 6 9
0.45
0 . 3 1
0.47

0 . 1 1
0.?6
0.63
0 . 4 0

0 . 5 3
0.52
0.36
0.28

.45
2.24

.01

.05

.08

.ol~

.02

.02

.10

.02

.11

. 06

.09

.12

.06

.02

.16

.06
*.04

.1:

.12

.06

.40

.12

.02

.lk

.19

.12

.27

.18

.38

.16

.10

.0s

. 17
i.lo

.16

.17

.14

.45
.13
.10
.24

.21

.23

.32

.27

.50

.22

.12

.25

.23
?.12

.69

.Qs
,40

.14
l.oa

.05

.08

.11

.07

.21

.07

.41

.L}E
1.14

.33

.38
?.35

.49

.18

.06

.10

.10

.23

.01+

.03

.35

.07

.08

.09

.15

.17

.03

.14
:.13

1.17
E3

:59

j  1)
1:18

.28

.12

.lQ

.42

.28
-Ill

.49

.62
1 . 3 1

.36

.54
*.PO
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T a b l e  2 : A v e r a g e  c o n c e n t r a t i o n s  o f  aliphatic  t~~] and unsaturztedl
a r o m a t i c  (B)  d i s s o l v e d  }lydrocarbons.

,
Summer H B

* S t a t i o n  1 - 7  (bimodal  e n v e l o p e ) .18f-11 .36~.29

S t a t i o n  8 - 1 5  (unimodal  e n v e l o p e ) .13f.07 .26t.13

F a l l

S t a t i o n  1 - 8 , 14 (no enve lope)

S t a t i o n  9-13,  15(’envelope)

.04i.03

.lot.04

W i n t e r

S t a t i o n  1 - 5 , 12-15  ( e n v e l o p e ) .56~.31}

Sta-tion  6-11  ( n o  e n v e l o p e ) .lOi.06

.15f.lo

.po~.11

.15?.14

.13~.13
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clear maximum (Figure 2C ). Both  groups o f  samples  d isp layed a  ser ies  o f

n-alkanes  f r o m  C 2 1  to  C32 w i t h  t h e  w e i g h t  ratio  o f  t o t a l  o d d  c a r b o n

number  to  to ta l  even carbon number  n-alkanes  averaging l.1tO.1. The

u n s a t u r a t e d / a r o m a t i c  f r a c t i o n s  o f  b o t h  g r o u p s  w e r e  s i m i l a r  ( F i g u r e  2il)  a n d

were general ly dominated by a peak at RI=3060. Chromatography on a non-

po lar .  co lumn (F igure  2e)  conf i rmed the  ident i ty  o f  th is  molecu le  as

squalene. T h e  c o n c e n t r a t i o n  o f  squalene  a v e r a g e d  o.12to.06  ~g/JZ. T h e  c o n -

cent ra t ions  o f  hydrocarbons in  both  f rac t ions  f rom the two groups were not

s i g n i f i c a n t l y  d i f f e r e n t  ( T a b l e  2 ) .

D u r i n g  t h e  f a l l  s e a s o n ,  t h e  c o n c e n t r a t i o n  o f  d i s s o l v e d  h y d r o c a r b o n s

fe l l  to  about  50% o f  s u m m e r  v a l u e s  ( T a b l e  1 ) .  T h i s  w a s  t r u e  o f  b o t h  t h e

aliphatic  a n d  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n s . Aliphatic  f r a c t i o n s  f r o m

s t a t i o n s  I-8  and 14 ( F i g u r e  Sa) w e r e  c h a r a c t e r i z e d  b y  a  s e r i e s  of  n-alkanes

p r e d o m i n a n t l y  f r o m  C21 to C 3 2. T h e  o d d / e v e n  r a t i o  f o r  t h e s e  f r a c t i o n s

averaged l.OgiO.10. There  was no detec tab le  unreso lved enve lope a t  these

s t a t i o n s . The remain ing s ta t ions ,  9 -13 and 15,  conta ined a  def in i te  en-

ve lope w i th  a  max imum near  C2T (Figure 3c).  The enve lope was o f  lesser

m a g n i t u d e  r e l a t i v e  t o  t h e  n-alkanes  a t  s ta t ions  9  and 10. T h e  s e r i e s  o f

from C21 to C32 was st i l l  p resent  and had an average odd/even ra t io  o f

1.04t0.14,  exc lud ing one va lue o f  ().17. Samples which contained the en-

ve lope a lso  had greater  concent ra t ions  o f  reso lved hydrocarbons in  the

aliphatic  f r a c t i o n ,  a v e r a g i n g  0.10fO.04  pg/!  f o r  t h o s e  s a m p l e s  w i t h o u t  a n

e n v e l o p e  (Table  ”2).

T h e  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n s  f r o m  t h e  s h o r e w a r d  s t a t i o n s

(F igure  3a)  o f  each t ransect  were  s imi la r  to  summer  samples  in  tha t  squalene
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w a s  t h e  d o m i n a n t  m o l e c u l e  i n  t h i s  f r a c t i o n  ( F i g u r e  3 d ) .  T h e  c o n c e n t r a t i o n

of squalene  a t  t h e s e  s t a t i o n s  a v e r a g e d  0.Og*O.03~g/fi~  e x c l u d i n g  o n e  value

o f  0 . 2 6  yg/k at  s t a t i o n  12. T h e  o f f s h o r e  s t a t i o n s  c o n t a i n e d  v e r y  l i t t l e

squalene  ( F i g u r e  3 e )  a v e r a g i n g

Dur ing the  w in ter  season,

t h e  aliphatic  f r a c t i o n  d i v i d e d

0.00210.002 pg/!2.

the presence or a b s e n c e of  an enve lope in

the  s t a t i o n s  i n t o  c o h e r e n t  g e o g r a p h i c a l

u n i t s  ( F i g u r e  ha). S t a t i o n s  l-~  and 12-lb  c o n t a i n e d  a  l a r g e  e n v e l o p e  w i t h

a maximum at C!25 (Figure ~b)  w h i l e  s t a t i o n s  6 - II d i d  n o t  c o n t a i n  a n  e n -

v e l o p e  ( F i g u r e  ~c). The concent ra t ion  o f  reso lved aliphatic  h y d r o c a r b o n s

a v e r a g e d  0 . 5 6  pg/L  a t  s ta t ions  exh ib i t ing  the  enve lope and 0 .10 pg/R  at

s ta t ions  w i thout  an  enve lope (Tab le  2) . The odd/even ra t io  f rom both  groups

averaged 1 .1 . At  a l l  s t a t i o n s , a  poor ly  reso lved c lus ter  o f  peaks w i th  RI

b e t w e e n  16OO and 1900  was present in.rela-tively  la rge amounts .

The concent ra t ions  o f  reso lved hydrocarbons”in  t h e  u n s a t u r a t e d / a r o m a t i c

f rac t ion  d id  not  depend on the presence or  absence o f  an enve lope in  the

aliphatic  f r a c t i o n ,  a v e r a g i n g  0 . 1 5  pg/Y  and 0 .13 pg/fl  a t  s t a t i o n s  w i t h  a n d

wi thout  the  aliphatic  e n v e l o p e . Squalene  was present  in  t h e  u n s a t u r a t e d /

a r o m a t i c  f r a c t i o n  a t  a l l  s a m p l e s  w i t h  a n  a v e r a g e  c o n c e n t r a t i o n  at

o.04fo.03  llg/~. Many of the samples also contained an unresolved envelope

i n  t h i s  f r a c t i o n ,  a feature  not  seen in  prev ious seasons (F igure  2e,  Ld).

RESULTS - PARTICULATE

The average concent ra t ion  o f  reso lved par t icu la te  hydrocarbons was

0 . 1 8  l.@k  in  the  summer ,  w i th  most  o f  the  mater ia l  be ing  in  the  aliphatic

f r a c t i o n  ( T a b l e  3 ) . The dominant  peak in  the  aliphatic  fract ion was nC15
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Table  3 : C o n c e n t r a t i o n  o f  aliphatic  (HI,  uns=~~ratedlaromatic  (B)
a n d  t o t a l  ( T )  p a r t i c u l a t e  hyclrocarbcr.s.

V!inter  _
H B .

F a l l
H B F.1

Summer
H BS t a t i o n

● , T

.07

.69

.04

1.57$’
. . 0 7

.07

. 2 1

.14

.08

.3.0

.11

.40

.19

.14

.14

.18
?.17

16.02::
.01.5
.011

.113

.045

.050

.007

1.36,”:  ~7.38::
.002 .017

0 .011

.087

.050

.323

.027

.036

.040

1
2
3

.03 .04

. 6 6 .03

. 0 3 .01

.21 1.36{:

.06 .01

.04 .03

.18 .03

.09 .05

.07 . 0 1

.29 . 0 1

.09 .02

. 1 9 .21

.13 .06

.09 .05

. 1 3 .01

.14 .0$
2.15 i.os

.022

.038

.024

.036

.309

.189

.Q94

.C94

.028 .141

.006 .051

.016 .066

.Ook .011

.187

.151

.070

.058

4
5
6
7

.022 .167

.003 .010

.ool~ .018

.010 .03s

.434

.073

.050

.080

.193

.019

.020

.028

.Z27

.C92

.370

.108

.144

.007

.Olb

.025

8
9

10
11

.033 .128

.052 .155

.007 .057

.011 .099

3.341
.391

1.340
.697

.272

.775

.0k6

.220

3.613
1.156
1.386

.917

.095

.103

.050

.088

12
13

. 14
15

.014 .069
i.ols ?.058

.49
2.86

.12
?.20

.E2
+ :3-..

.055
?.046

Avg

f: omitted  fron  a v e r a g e

.



-1o-

with  an average concent ra t ion  o f .ohht.02g  pg/!t. Pr is tane and nCIT  w e r e

p r e s e n t  i n  a l l  s a m p l e s . An enve lope in  the  aliphatic  f r a c t i o n s  w a s  e v i d e n t

a t  s t a t i o n s  4 and  lZ!-ls  ( F i g u r e  Sa). I t s  d i s t r i b u t i o n  m a x i m u m  o c c u r r e d

a r o u n d  nC23 (F igure  5b). A series of n-alkanes  was super imposed on the

enve lope.

I n  t h e  u n s a t u r a t e d / a r o m a t i c  fvaction,  squalene  was the

molecde  w i t h  a n  a v e r a g e  c o n c e n t r a t i o n  o f  0.016i0.014  Pg/!?,.

2350  was a lso  prominent  (F igure  5c).

I n  f a l l ,  t h e  c o n c e n t r a t i o n  o f  p a r t i c u l a t e  h y d r o c a r b o n s

40% of  summer t ime va lues  and averaged 0 .069 pg/1 (Table 3).

dominant

A peak at RI

fell  t o  a b o u t

The dominant

feature was the presence or absence of the biogenic  h y d r o c a r b o n s  nCls,

p r i s t a n e ,  nCIT  and squalene  ( F i g u r e  6 a ) . I n  t h e  aliphatic  f r a c t i o n s , nC15

was the dominant molecule and nCIT  and pristane were

1,  4,  5 ,  6 ,  8 ,  1 0 - 1 5  ( F i g u r e  6 b ) .  T h e  c o n c e n t r a t i o n

0.025f.011  Ug/1  a t  t h e s e  s t a t i o n s .  A t  t h e  r e m a i n i n g

9, the biogenic  h y d r o c a r b o n s  w e r e  e s s e n t i a l l y  a b s e n t

p r e s e n t  a t  s t a t i o n s

of nC15 a v e r a g e d

s t a t i o n s ,  2 ,  3 ,  7  a n d

( F i g u r e  6 c )  w i t h  t h e

c o n c e n t r a t i o n  o f

p layed enve lopes

nC15 b e i n g  0.001t.001  llg/f.  Statians  1 ,  4 a n d  12-15  dis-

i n  t h e  aliphatic  f r a c t i o n ,  w i t h  s t a t i o n  1  h a v i n g  a  v e r y

h igh concent ra t ion  o f  both  reso lved and unreso lved al.iphatic  h y d r o c a r b o n s .

T h e  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n s  i n  t h e  f a l l  c o n t a i n e d  squalene  a n d

i n  g e n e r a l  l i t t l e  e l s e . The concent ra t ion  o f  squaleme  a v e r a g e d .Olt.ol  pg/!

a n d  .003f.004  pg/fl  a t  s t a t i o n s  h a v i n g  a n d  l a c k i n g ,

aliphatic  biogenic  h y d r o c a r b o n s .

T h e  c o n c e n t r a t i o n  o f  p a r t i c u l a t e  h y d r o c a r b o n s

r e s p e c t i v e l y ,  t h e

was  g r e a t e r  d u r i n g t h e
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win ter  than the preced ing seasons,  averag ing . 62 w/t. However, there was

a  large  r a n g e  o f  . 0 7  t o  s.6,pg/8  ( T a b l e  3 ) .  Aliphatic  f r a c t i o n s  a t  a l l

s t a t i o n s  c o n t a i n e d  e n v e l o p e s ,  w i t h  t h e s e  b e i n g  r e l a t i v e l y  l a r g e  a t  s t a t i o n s

8 and 12-15 (Figure 7a). Biogenic  hydrocarbons were essent ia l l y  absent  a t

a l l  s ta t ions  except  11 and 15 where nCls  averaged 0 .02 pg/R.  E n v e l o p e s

w e r e  a l s o  p r e s e n t  i n  t h e  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n  a t  a l l  s t a t i o n s  b e i n g

v e r y  l a r g e  a t  12-15. Squalene  w a s  v e r y  l o w  o r  absent  at all  s t a t i o n s  e x -

cept  15 where  i ts  concent ra t ion  was O.os  pg/k.

DISCUSSION

The concent ra t ion  o f  hydrocarbons in  the  water  co lumn o f  the  JMAFLA

l e a s e  a r e a  c o m p a r e s  w e l l  w i t h  t h e  l o w e r  v a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e

for open ocean water. The overa l l  average concent ra t ion  was 0 .4  pg/!t

d isso lved hydrocarbons, a n d  0 . 3  pg/L  p a r t i c u l a t e  o r  0 . 7  pg/2  t o t a l  r e s o l v e d

hydrocarbons. Brown , et al, (1975)  d e t e r m i n e d  t h a t  t o t a l  h y d r o c a r b o n s  i n.-

the  open At lan t ic  and Pac i f i c  were  about  1  Vg/k  %y an IR

M e d i t e r r a n e a n  the  concent ra t ion  ranged f rom 2-8  ug/!Z  and

c o n c e n t r a t i o n  w a s  3=6 pg/fl. Levy (1971)  repor ted va lues

method. I n  t h e

near Bermuda the

f o r  t o t a l  h y d r o -

c a r b o n s  o f  Z’.l3  pg/1  i n  t h e  A t l a n t i c  o f f  H a l i f a x  b y  a  U _ V - f l u o r e s c e n c e

method. Comparism  of these  r e s u l t s  i s  m a d e  d i f f i c u l t  b e c a u s e  o f  t h e  t h r e e

d i f f e r e n t  analytical  methods used (G.  C. , IR ,  UVF) w h i c h  a r e  r e s p o n s i v e  t o

d i f f e r e n t  p o r t i o n s  o f  t h e  h y d r o c a r b o n s  i n  t h e  ssmples. T w o  r e p o r t s  o f  d i s -

so lved hydrocarbons by  gravimetric  ana lys is ,  wh ich  measures  a l l  hydrocarbons,

i n d i c a t e  c o n c e n t r a t i o n s

r e p o r t e d  c o n c e n t r a t i o n s

east Gulf  of Mexico and

greater  than repor ted above. Iliffe  a n d  Calder  (197~)

for  aliphatic  h y d r o c a r b o n s  o f  1 2  pg/Q  in the south-

Yucatam  S t r a i t s  a n d  47 ~g/~ i n  t h e  F l o r i d a  S t r a i t s
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w h i l e  Ba.rbier ,  et al ,  (1973)  r e p o r t e d  v a l u e s  o f  43 a n d  9 5  pg/1  o f  t o t a l.—

disso lved hydrocarbons f rom water  co l lec ted a t  50  m o f f  the  west  coast  o f

A f r i c a . The gas  chromatographically  der ived concent ra t ions  do not  inc lude

c o n t r i b u t i o n s  f r o m  t h e  u n r e s o l v e d  e n v e l o p e  w h e n  i t  i s  p r e s e n t . I n  t h o s e

c a s e s ,  t o t a l  h y d r o c a r b o n  m a y  be  a  fac tor  o f  ten greater  than repor ted.

T h e r e  i s  a  g e n e r a l  t r e n d  o f  h i g h e r  t o t a l  r e s o l v e d  h y d r o c a r b o n  con-

centration  n e a r  s h o r e  i n  b o t h  d i s s o l v e d  a n d  p a r t i c u l a t e  p h a s e s ,  a l t h o u g h

t h e r e  a r e  s e v e r a l  e x c e p t i o n s  t o  t h i s  t r e n d .

T h e  h i g h e r  h y d r o c a r b o n  c o n c e n t r a t i o n s  n e a r  s h o r e  c o u l d  be  a result of

d i r e c t  t e r r e s t r i a l  i n p u t  o r  e n h a n c e d  i n  s i t u  p r o d u c t i o n  s t i m u l a t e d  b y——

t e r r e s t r i a l l y  d e r i v e d  n u t r i e n t s . The unresolved envelope components seem to

h a v e  a  t e r r e s t r i a l  s o u r c e ,  e i t h e r  T a m p a  B a y  o n  T r a n s e c t  I ,  o r  t h e  M i s s i s s i p p i

R iver /Sound on Transect  IV . These unresolved components could be the remnants

F o f  h i g h l y  w e a t h e r e d  c r u d e  o i l  f r o m  m a r i n e  s o u r c e s  o r  w a s t e  o i l  f r o m  t e r r e s t r i a l

sources. Both  d isso lved and par t icu la te  hydrocarbons conta ined a  ser ies

o f  n-alkanes  f r o m  nC~1 t o  nC32 w i t h  a n  o d d / e v e n  r a t i o  o f  n e a r  u n i t y . T h i s

b
feature  might  be  the  resu l t  o f  weathered pet ro leum res idues,  bu t  cou ld  a lso

b e  d e r i v e d  f r o m  m a r i n e  phytoplankton  (C lark  and Blraner,  1967). T h i s  s e r i e s

of alkanes  was present  when the  lower  molecu lar  we ight  biogenic  alkanes  w e r e

absent . I f  t h e y  a r e  o f  r e c e n t  b i o s y n t h e t i c  o r i g i n ,  t h e i r  s t a b i l i t y  i n  s e a

water  must  be greater  than that  o f  nC15 ‘ “17 a n d  p r i s t a n e .

The biogenic  hydrocarbons nC
15 ‘ “17 and pr is tane were  dominant  in  the

p a r t i c u l a t e  aliphatic  f r a c t i o n  a n d  a r e  p r o b a b l y  t h e  r e s u l t  o f  p l a n k t o n

c o l l e c t e d  o n  t h e  f i l t e r s . These hydrocarbons then shou ld  cor re la te  w i th  p lank-

ton  b iomass; however  the  remain ing aliphatic  and unsatura ted/aromat ic  hydro-

c a r b o n s  i n  b o t h  d i s s o l v e d  a n d  p a r t i c u l a t e  p h a s e s  a r e  a p p a r e n t l y  n o t  r e f l e c t i v e



D o f  i n  s i t u  b i o m a s s . T h u s  t o t a l  h y d r o c a r b o n  s h o u l d  n o t  c o r r e l a t e  w i t h——

L biomass es t imators , such  as C h l o r o p h y l l  a . N o  c o r r e l a t i o n—

C h l o r o p h y l l  ~values  repor ted by  Iverson  (1976)  o n  s a m p l e s

ously  w i th  our  hydrocarbon ssrnples. T h i s  d i f f e r s  f r o m  t h e

was noted w i th

t a k e n  simultane-

c o r r e l a t i o n  be-

tween  Ch lorophy l l  ~  and to ta l  non-aromat ic  hydrocarbons repor ted by

Zsolnay  (1972)

w e l l i n g  r e g i o n

f o r  w a t e r s  o f f

off  Africa  w a s

t h e  w e s t  c o a s t  o f  A f r i c a . However, the up-

m u c h  r i c h e r  i n  phytoplankton  than the MAFLA

r e g i o n .

T h e  t o t a l d i s s o l v e d  h y d r o c a r b o n s  d i d  c o r r e l a t e  w i t h  d i s s o l v e d  o r g a n i c

carbon ana lys is  o f  samples  co l lec ted  s imul taneous ly  w i th  hydrocarbon samples

(Aller,  1976). T h e  r a t i o  o f  t o t a l  d i s s o l v e d  h y d r o c a r b o n s  t o  d i s s o l v e d

o r g a n i c  c a r b o n  w a s  0.kto.2  pg/mg  i n  s u m m e r ,  0.2f0.2  Vg/mg  in fal l  and

0.3f0.2  pg/mg i n  w i n t e r . T h e  r e l a t i v e  c o n s t a n c y  o f  t h i s  r a t i o  d u r i n g

e a c h  s e a s o n  i n d i c a t e s  t h a t  t h e  d i s t r i b u t i o n  o f  d i s s o l v e d  h y d r o c a r b o n s  a n d

d i s s o l v e d  o r g a n i c  c a r b o n  a r e  c o n t r o l l e d  by  s i m i l a r  p r o c e s s e s . NO such

r e l a t i o n s h i p  e x i s t e d  b e t w e e n  p a r t i c u l a t e  h y d r o c a r b o n s  a n d  p a r t i c u l a t e

o r g a n i c  c a r b o n .

T h e  h i g h  c o n c e n t r a t i o n  o f  squalene  i n  t h e  w a t e r  c o l u m n  i s  v e r y  i n t e r e s t i n g .

A  p o s s i b l e  s o u r c e  f o r  s q u a l e n e  i s  zooplankton  (Calder,  1976). T h e  t o t a l

squalene  in  the average s tand ing crop o f  zooplmkton  would be a few pg/11,

wh i le  the  concent ra t ions  in  the  water  co lumn average severa l  tens  o f  r ig /g .

F o r  zooplankton  to  be the source o f  squalene, i t  m u s t  h a v e  l o n g  t e r m  s t a b i l i t y

in  the  water  co lumn. Y e t  t h e  a b s e n c e  o f  squalene  a t  severa l  s ta t ions  in  the

f a l l  i n d i c a t e s  t h a t  squalene  i s  s u b j e c t  t o  degradative  o r  o t h e r  l o s s

mechanisms. The source and dynamics  o f  squalene  in  sea water  deserves fur ther

i n v e s t i g a t i o n .
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CONCLUSIONS

B

1.

2 .

3 .

4.

5.

6.

Hydrocarbons in  the  water

leve ls  comparab le  to  open

The presence of weathered

c o l u m n  o f  t h e  MAFIA area ex is t  a t  low

ocean va lues.

p e t r o l e u m  i n  d i s s o l v e d  a n d  p a r t i c u l a t e

p h a s e s  i s  i n d i c a t e d ,  but  not  proven,  by  the occur rence o f

u n r e s o l v e d  e n v e l o p e s  a n d  n-alkanes  from nC21  to nC32.

The unresolved envelope material  may be derived from t~rrestrial

sources.

Biogenic  hydrocarbons in  the

o f  i n  s i t u  b i o m a s s ,  a l t h o u g h——

h y d r o c a r b o n  w i t h  C h l o r o p h y l l

T h e r e  i s  a  v e r y  h i g h  c o n c e n t r a t i o n  o f  m a t e r i a l  w i t h  RI=3060  on

FFAP and RI=281o on SP-21OO in the water column. T h i s  m a t e r i a l

p a r t i c u l a t e  p h a s e  m a y  b e  an i n d i c a t o r

t h e r e  i s  n o t  c o r r e l a t i o n  o f  t o t a l

a .—

“ is  probab ly  squalene.

T o t a l  d i s s o l v e d  h y d r o c a r b o n  c o r r e l a t e s  w e l l  w i t h  d i s s o l v e d

organ ic  carbon. T h e r e  i s  n o  c o r r e l a t i o n  b e t w e e n  p a r t i c u l a t e

B

h y d r o c a r b o n s  a n d  p a r t i c u l a t e  o r g a n i c  c a r b o n .
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D

F i g u r e  1 . S t a t i o n  l o c a t i o n s . S t a t i o n s  1 - 3  a r e  l o c a t e d  o n  t r a n s e c t  1 ,

s t a t i o n s  4 - 7  o n  t r a n s e c t  2 , s ta t ions  8–11 on t ransect  3  and

s t a t i o n s  12-15  o n  t r a n s e c t  4. Sta t ion  number ing  beg ins  on

the shoreward end o f  each t ransect .
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Figure  2a. D isso lved hydrocarbon d is t r ibu t ion ,  summer  1975.

2b . S ta t ion  2 ,  aliphatic  f r a c t i o n ,  d i s s o l v e d  h y d r o c a r b o n s ,

summer 1975.

2C . S t a t i o n  1 2 ,  aliphatic  f r a c t i o n ,  d i s s o l v e d  h y d r o c a r b o n s ,

summer 1975.

2d . S t a t i o n  1 3 ,  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n ,  d i s s o l v e d  h y d r o -

carbons, summer 19’75.

2e. S t a t i o n  1 ,  u n s a t u r a t e d / a r o m a t i c  f r a c t i o n ,  w i n t e r  1 9 7 5 .
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Figure  6a. P a r t i c u l a t e  h y d r o c a r b o n  d i s t r i b u t i o n ,  fall  1975.

6b. S t a t i o n  4,  aliphatic  f r a c t i o n ,  p a r t i c u l a t e  h y d r o c a r b o n s ,

f a l l ,  1 9 7 5 .

6C . S t a t i o n  3,  aliphatic  f r a c t i o n ,  particulate  Wdrocarbons,

f a l l  1 9 7 5 .
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F i g u r e  T. P a r t i c u l a t e  h y d r o c a r b o n  d i s t r i b u t i o n ,  w i n t e r  1976.
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